Introduction
Breast cancer affects many women and early detection aids in fast and effective treatment. X-ray mammography, which is currently the most effective imaging method for detecting clinically occult breast cancer has serious limitations. To circumvent these limitations microwave imaging is proposed as an alternate imaging modality due to its improved physiologic and pathophysiologic correlation, especially in soft tissues like female human breast [1] . When exposed to microwaves, the high water content of malignant breast tissues cause significant microwave scattering than normal fatty breast tissues that have low water content. A clinical prototype of active microwave imaging for breast cancer detection has been realized [1] . In microwave breast imaging the usage of a suitable coupling medium enhances the coupling of electromagnetic energy into the object as well as increases the resolution. This paper analyzes two -dimensional microwave tomographic imaging for the detection of dielectric contrast of breast tissues in the presence of a matching coupling medium.
Experimental Set up
The prototype used for 2-D microwave imaging is shown in Figure 1 . The breast sample supported on a PVC holder is mounted on a circular platform capable of circular motion in the horizontal plane. The platform along with samples is kept inside a tomographic chamber of radius 12 cm. and height 30 cm, coated inside with suitable absorbing material. The chamber is filled with coupling medium. Suspended bowtie antennas are used for both transmission and reception of microwave energy. All measurements are done using HP 8510 C network analyzer; interfaced with Compaq work station SP 750 using GPIB bus. Corn syrup sample of dielectric constant and conductivity as 18.7 and 0.64 S/m at 3 GHz is used as the coupling medium in this study. In order to check the compatibility of corn syrup with breast tissue samples, dielectric properties of the corn syrup and breast tissue samples are measured using cavity perturbation technique at a frequency of 3 GHz. Table 1 shows the comparison. The medium exhibits matching dielectric constant with that of the normal breast tissue, with less conductivity. Hence the dissipation loss and diffusion loss of corn syrup is less [2] .
Table1. Dielectric properties of breast Fig. 1 . Experimental set up tissues of 3 patients Coplanar strip line fed bowtie antennas generating TM 01 mode were designed for both transmission and reception of microwave signals. The experimental investigation [3] showed that the designed antenna exhibited good matching and less return loss at 3 GHz.
Method
For data acquisition, the breast sample is illuminated by bow-tie antenna at a frequency of 3 GHz. As shown in Figure 1 , the transmitting antenna is fixed at a radius of 6 cm. on the circular rail, while the receiving antenna is rotated around the object at 6 cm. radius. the Green's function and ) ' (r φ the total electric field inside the scatterer. Equation (1) is used for both the forward and inverse solutions. As the background medium is considered inhomogeneous, Green's function is solved numerically [4] . To circumvent the ill posedness of the inverse problem a regularization procedure [4] is employed where an optimization technique is adopted to minimize the error by minimizing a cost functional. The non-uniqueness and instability of the problem is thus circumvented and an adequate solution is provided. The obtained δε is used to improve ) (r b ε which in turn is used to update the parameters in Equation (1) . The iteration is continued until convergence is reached. The imaging area is restricted to 16 x 16 pixels and the sampling rate considered is 0.1λ.
Results and Discussions
The reconstructed 2-D tomographic images for the samples 1-3 are shown in Table 2 . The dielectric contrast of the samples is clearly distinguishable from the images as well as from the dielectric constant profiles. Samples 1-2 are having ~ circular cross section without any cover, where as sample 3 is covered in a thin conical polythene paper. This is done to check whether the shape of the sample too is reconstructed properly. As the dielectric constant of the coupling medium and the normal breast tissue samples are in good match, the tumor inclusions are clearly visible in the figures A -C shown in Table 2 . In image C shown in the table, the shape of the sample too is reconstructed and is seen with a black border. This is due to the fact that polythene paper exhibits a very low dielectric constant of ε r ' 2.2 at 3 GHz A resolution of 2 mm is achieved in the image reconstruction with the use of corn syrup as the coupling medium. A comparison of the obtained dielectric constant values of figures A -C shown in Table 2 with that measured using cavity perturbation technique reported in Table 1 shows good agreement.
Conclusion
Active microwave imaging is explored as an imaging modality for the detection of breast cancer. In vitro studies on normal and malignant breast tissues suggest that microwave tomographic imaging could satisfactorily image the tissues showing clear discrimination in terms of dielectric constant. 
